Purpose This study aims at designing a lactic starter for caper fermentation isolated from Tunisian fermented vegetables to improve the process and produce consistent and high-quality product. Methods In this study, the lactic starter was isolated by exploring the lactic acid bacteria (LAB) of Tunisian artisanal fermented vegetables. Identification was carried out by partial 16S rRNA gene sequencing. Screening was based on salt tolerance and antagonistic activities against Escherichia coli ATCC 10536 and Enterococcus faecalis ATCC 10541. Caper fermentation was optimized through a full factorial experimental design (2 3 ), by exploring three factors: starter inoculum size, NaCl concentration, and acetate content. Differences in pH values, Total aerobic mesophilic bacteria and LAB counts between the beginning and end of fermentation are selected as responses and corresponding regression coefficients were calculated. Results The lactic microbiota is mainly represented by Lactobacillus plantarum group. Based on salt tolerance and antimicrobial activity, the strain Lactobacillus plantarum F3 was selected as starter for caper fermentation. The effect of NaCl concentration, acetate content, and inoculum size on acidity, total aerobic mesophilic bacteria count, and LAB count after 1 week and 1 month of caper fermentation was studied. Depending on the fermentation time, either 1 week or 1 month, the initial conditions should comprise 0% acetate, 10 8 CFU/mL inoculum, and 5% NaCl for 1 week against 5% acetate, 10 7 CFU/mL inoculum, and 10% NaCl for 1 month lasting caper fermentation. A protocol for caper fermentation was set up ensuring hygienic quality and LAB viability. Conclusion Lb. plantarum F3 was selected as lactic starter for caper fermentation, and initial fermentation conditions were optimized through a full factorial design. This work has shown loss in LAB viability after 1 week of fermentation. Based on results obtained, an optimized fermentation protocol was set up. This protocol ensures LAB survival and high hygienic quality of the product.
Introduction
In North African countries, traditional fermented fruits and vegetables are an important part of the diet. This importance is due to: (i) they provide variety in the flavors of existing staples, (ii) a cheap way of preservation, and (iii) improvement of the nutritional quality and digestibility of the raw food materials and made edible, some food that are barely edible (El Sheikha and Montet 2014) . Fermentations have been the most important traditional techniques used to preserve many products available only at given seasons of the year such as Manel Ziadi and Taroub Bouzaiene contribute equally to this work. olives, lemons, onions, green peppers, carrots, figs, grapes, prickly pears, and caper berries (Benkerroum 2013) .
Caper berries are the fruits of Capparis species (mainly Capparis spinosa L.), largely cultivated in the Mediterranean basin for its flower buds (capers) and fruits (caper berries) that are consumed, after processing, for their aromatic, digestive, and medicinal properties (Pérez Pulido et al. 2005) . In Tunisia, caper fruits are fermented in a traditional way, often in small enterprises or at home. Traditional fermented capers are highly appreciated for their unique organoleptic properties and are often included in culinary preparations. The picking of capers is manual and done between May and August (Douieb et al. 2010) . The main procedures of caper fermentation in Tunisia are summarized in Fig. 1 . These procedures going from immersion of the berries directly in brine (about 10% w/v NaCl) where they undergo complete or partial fermentation to the addition of vinegar. The spontaneous fermentation of caper depends mainly on the competitive activities of the indigenous microbiota (LAB and yeasts) together with a variety of contaminating microorganisms. However, spontaneous fermentation at the household level leads to variations in the sensory properties of the products and in poor hygienic quality (Benkerroum 2013) . To improve fermentation and produce consistent and high-quality final products, a process control is necessary. The use of starter cultures would be an appropriate approach for the control and optimization of the fermentation process resulting in alleviation of the problems of variations in organoleptic and hygienic quality (Callewaert et al. 2000) .
Therefore, it would be interesting to develop starter cultures having metabolic activities adapted to use the nutrients available in the food matrix and able to achieve a fast acidification. Furthermore, the antagonistic activity is a selective advantage of the starter against competitors in the fermentation, decreasing the risk of spoilage and contributing to product stability (Ruiz-Barba et al. 1994) .
Thus, the aim of this study was to isolate and identify LAB microbiota present in artisanal Tunisian fermented vegetables, screening of a starter for caper fermentation and setting up a fermentation protocol that improved safety.
Materials and methods

Sample collection
Artisanal fermented mixed vegetables (23 samples) were collected from local markets in Tunisia and transported in isothermic bags to the laboratory. Composition of vegetable mixture and brine is indicated in Table 1 . Caper berries (Capparis spinosa) were obtained from local market in the region of Tunis (Tunisia). The harvesting was made during the spring 2015.
Isolation and identification of lactic acid bacteria from fermented vegetables
Brine samples were used to isolate LAB. Ten milliliters of brine from each fermented vegetable was homogenized in 90 mL of sterile saline solution; then, 10-fold serial dilutions were prepared. From each dilution, 0.1 mL was plated in triplicate on MRS agar (Scharlab, Barcelona) supplemented with 0.4 g/L sodium azide (Sigma, Madrid). Plates were incubated at 30°C for 4 days in anaerobiosis (Anaerogen kit, Oxoid, Basingstoke, United Kingdom). Apparent colonies were randomly picked from MRS agar plates. Gram-positive, catalasenegative, non-motile rod, and cocci isolates were considered as LAB and used in further studies. LAB isolated was identified by sequencing 16S rRNA genes. First, total DNA was extracted using the Qiagen DNeasy Tissue Kit (Qiagen, Courtaboeuf, France). The 16S rRNA genes was amplified using primer pairs FD1: (5′-AGAGTTTGATCCTGGCTCAG-3′), rd1: (5′-TAAG GAGGTGATCCAGCCGCC-3′) (Invitrogen, Cergy Pontoise, France) according to Weisburg et al. (1991) . 16S rRNA gene sequence alignments were released using the 
Salt resistance test
LAB strains were tested for their ability to grow in presence of 10% (w/v) NaCl. LAB strains were grown on MRS agar supplemented by 10% NaCl and incubated 48 h at 37°C. Strains growing after incubation were considered as salt resistant and retained for antagonistic activity test.
Antagonistic activity
Antagonistic activity of LAB strains against Escherichia coli ATCC 10536 and Enterococcus faecalis ATCC 10541 was evaluated by the agar well diffusion method of Todorov and Dicks (2005) . The target bacteria were grown on Molten agar (7.5 g/L) and incubated at 37°C for 24 h. Subsequently, LAB strains were inoculated on 10-mL MRS and incubated overnight at 37°C. Molten agar containing each target bacteria was spread over the surface of agar plates containing TSG medium and left to solidify. After solidification, a hole was made in the center of the plate, and 80 μL of culture (16-18h) of the different strains was placed in the hole and allowed to diffuse at 4°C for 2 h. After an overnight incubation at 37°C, the plates were examined for halos around the hole.
Optimization of caper fermentation through a full factorial experimental design
The different fermentation batches were carried out in vats containing each 90 g of caper berries filled with 100 mL sterile water. The fermentation conditions were optimized through a full factorial experimental design (2 3 ) repeated twice, by exploring three factors which were chosen as independent quantitative variables, namely, starter inoculum size, NaCl concentration, and acetate content. The levels of the studied factors and the theoretical matrix, showing runs in standard order, are, respectively, illustrated in Table 2 . The starter used for caper fermentation was inoculated into MRS broth and grown at 37°C for 24 h. Then, culture was harvested by centrifugation at 7500 rpm for 5 min, washed with sterile saline solution (0.9%), and the cell pellets were resuspended in sterile saline solution to produce suspensions of 10 9 CFU/mL to be inoculated as starter culture in caper fermentation according to the inoculum size mentioned in Table 2 .
Fermentation occurred at ambient temperature for 1 month. Sampling from brine was performed from each vat under aseptic conditions at the beginning, after 1 week and 1 month of fermentation. A vat where only NaCl (10%) and acetic acid (5%) were used for the preparation of the brine (without starter inoculation) and incubated in the same conditions was used as control (run 17).
Differences in pH values (ΔpH), total aerobic mesophilic bacteria count (ΔTAMB), and LAB count (ΔLAB) between the beginning and end of fermentation are selected as responses of the experimental design.
In order to evaluate the effect of the three operating factors on the three responses, the regression coefficients C pH for ΔpH, C TAMB for ΔTAMB count, and C LAB for ΔLAB count were calculated as follows:
Where A j : means either high (+) or low (−) level in experimental run i;
Statistical analysis and mathematic models
The statistical analysis of the output variables obtained after running the experimental design and the calculation of the coefficients were done with NemrodW® software version 9901 and Minitab® software version 15. To investigate the relationship between the three operating factors and the three responses, a first-order polynomial model studying the main effects of factors was adopted. The coded mathematical model for 2 3 factorial designs is expressed as follows:
Where b 0 : squared effect term; b i : regression coefficients corresponding to C TAMB , C pH , and C LAB described previously;
Y: the predicted response value.
Samples were analyzed in triplicate. Data were subjected to one-way ANOVA (SAS, 1985) ; pair-comparison of treatment means was achieved by Tukey's procedure at P < 0.05, using the statistical software, Statistica for Windows (Statistica 6.0 per Windows 1998).
Physico-chemical analysis
The pH value of samples was determined at room temperature with an Inolab 740 pH-meter and combined glass electrode (Hanna Instruments, Germany) standardized with pH 4.01 and 7.01 standard buffer solutions (Scharlauchemie, Spain).
Microbial analysis
Serial dilutions of brine samples collected from each flask of fermented caper were used for enumeration of different microbial flora. LAB, TAMB, total coliforms, and yeast and molds were enumerated using the following media, respectively: MRS agar, plate count agar (PCA), Mc Conkey agar, and Sabouraud Choloramphenicol agar. All media are provided from Scharlab (Spain). For all the bacterial enumeration, 0.1/1 mL of suitable dilutions was plated on appropriate media in triplicate. Counts were obtained after 48 h (MRS, PCA, Sabouraud) and 24 h (Mc Conkey) of incubation at 30°C. Results were calculated as the means of three determinations.
Results and discussion
LAB isolation, enumeration, and identification
As estimated by plating on MRS agar, cell numbers of presumptive LAB isolated from the different fermented vegetables ranged from 6.3 ± 0.02 Log CFU/mL to 8.7 ± 0.03 Log CFU/mL. These findings indicate that the microbiota can vary based on several factors including the origin of the vegetables, the variability of physico-chemical conditions, nutrient composition, and production methods. The cell densities in the fermented vegetables corresponded to those usually reported in the most common varieties (Buckenhüskes 1997) .
Seventy-four isolates from fermented vegetables were collected. Out of these isolates, only 56 strains, including 43 rodshaped bacteria (75.43%) and 13 cocci (24.56%), showing typical appearance of LAB on MRS were Gram-positive, catalase negative, and non-motile. Based on morphological aspect of the colonies, only 39 strains representing the lactic microflora were genotypically identified by partial sequence The majority of identified species had been frequently found in vegetable matrixes. Lactobacillus plantarum represented the most commonly isolated species in fermented vegetable such as fermented olives, Narezushi, kimchi, and cauliflower (Mourad and Nour-Eddine 2006; Koyanagi et al. 2013; Park et al. 2012; Paramithiotis et al. 2010) . The dominance of Lactobacillus plantarum in vegetable fermentations may be explained by its capacity to rapidly adapt to changing environmental conditions, including acid stress (Klaenhammer et al. 2005) . In our study, other strains were also found: Lactobacillus alimentarius, Lactobacillus brevis, Leuconostoc mesenteroides, and Pediococcus ethanolidurans. Lactobacillus alimentarius and Lactobacillus brevis were rarely present in vegetable foods but they are found in meat product. Temmerman et al. (2004) had reported the presence of Lactobacillus alimentarius in fermented Sauerkraut and Lactobacillus brevis was also found in fermented fruits and vegetable of Asia (Swain et al. 2014) . Leuconostoc spp., including Leuconostoc mesenteroides subsp. mesenteroides, mainly dominated the early spontaneous fermentation of carrots and cauliflower (Lyhs et al. 2004; Paramithiotis et al. 2010) . In this research, Pediococcus ethanolidurans was represented by two isolates; this strain was occasionally isolated from fermented vegetable (Iuchi et al. 2012) . The presence of Enterococcus durans in some samples of fermented vegetables is seen as poor hygienic quality of the product but it has been isolated from fresh carrot (Hu et al. 2008) .
Screening of lactic starter
The capacity of a starter to complete with the autochthonous microbiota of the caper and to carry out the metabolic activities expected is conditioned by its growth and survival in the conditions prevailing in the brine, mainly the high salt concentration and low pH. Since caper fermentation occurred in brine with 10% of NaCl, LAB strains were tested for their resistance to this condition. Among the tested strains, only four, belonging to the Lb. plantarum group, tolerate 10% NaCl: Lb. plantarum F2, Lb. plantarum F3, Lb. plantarum F4, and Lb. plantarum G3. This result reflects the capacity of Lb. plantarum species to survive in brine. Salt tolerance for Lb. plantarum may be due to its ability to accumulate osmo-and cryoprotective solutes such as betaine and carnitine (Kets et al. 1994) . However, this is not either a general characteristic for Lb. plantarum and variability in salt tolerance has been shown (Montaño et al. 1993) .
The retained strains were tested for their antagonistic activities against Escherichia coli ATCC10536 and Enterococcus faecalis ATCC1054. Indeed, antagonistic activity against E. coli is an interesting screening criterion since that presence of coliforms in brine has been reported (Pereira et al. 2008 ). Only the strain Lb. plantarum F3 showed antagonistic activity against E. coli with an inhibition zone diameter of 11 mm.
Several works studied the antimicrobial compounds produced by LAB such as organic acids, hydrogen peroxide, bacteriocins, fat, and amino acid metabolites (Choi et al. 2018) . In our study and by using the well diffusion assay, organic acids may be key molecules for antagonistic activity of the studied strain against foodborne pathogenic bacteria.
Indeed, the growth-inhibiting activity of different LAB strains against pathogens was attributed to a pH reduction and/or to the production of organic acids, including lactic and acetic acid (Tejero-Sariñena et al. 2012) . The organic acids secreted by LAB determine an environmental pH reduction that can be adverse for those microorganisms sharing the same niche (Tharmaraj and Shah 2009) . In their undissociated form, organic acids can penetrate the cytoplasmic membrane of pathogenic microorganisms resulting in intracellular acidification and in the dissipation of the transmembrane proton motive force (Ricke 2003) or in the case of lactic acid, the antagonistic activity resulted from the permeabilization of the outer membrane of Gram-negative species, causing structural alterations in the phospholipid component (Alakomi et al. 2000) .
Moreover, Arena et al. (2016) found a strong antimicrobial activity of Lb. plantarum strains against Listeria monocytogenes, Salmonella enteritidis, Escherichia coli O157:H7, and Staphylococcus aureus and suggested that the ability of Lb. plantarum strains to contrast pathogens growth in vitro was ascribed to a pH-lowering effect of supernatants and/or on the presence of organic acids. Pérez Pulido et al. (2007) reported that among all LAB isolated from fermented caper berries, only the strain Lb. plantarum Lb9 exhibited antagonistic activity against Listeria monocytogenes.
Based on the previous results, the strain Lb. plantarum F3, showing antagonistic activity against E. coli ATCC10536 and tolerance to high amount of NaCl, is more appropriate to be applied as starter for caper fermentation.
Optimization of the fermentation
Effect of fermentation conditions on the hygienic quality of fermented caper and viability of LAB
To insure safety of fermented caper and avoid spoilage during fermentation, three parameters were monitored: acidification, decrease in microbial load, and LAB count during fermentation. Thus, a full factorial experimental design was used. The variables investigated were salt concentration, starter inoculum size, and acetate content as indicated in Table 2 . The effect of these variables on pH, TAMB count, and LAB count is represented in Fig. 2 .
After 1 week of fermentation, changes in pH occurred for all the runs (Fig. 2a ). Values of pH decrease compared to initial values (P < 0.05). The highest decrease in pH was observed for the run H, and apparently, its conditions might be the most appropriate for rapid acidification (acetate, 10 7 CFU/mL inoculum, and 10% NaCl). Thus, high inoculum not necessarily leads to rapid decrease in pH; in contrary, acetate addition is needed. Changes in pH after 1 month of fermentation are remarkable, with a decrease for the runs A, C, E, and G (P < 0.05) (Fig. 2a ). The highest decrease was observed for the runs A and E, where the inoculum size is 10 7 CFU/mL. This fact confirms that, for prolonged fermentation, initial higher inoculum does not improve acidification as well as high salt concentration. The unexpected results were obtained for the runs B, D, F, and H where pH values increase. This fact can be explained by the reduction of lactic acid produced by the starter (Savard et al. 2002) . For the control vat, pH remains steady after 1 month of fermentation.
TAMB count was determined after 1 week of fermentation and was significantly different (P < 0.05) (Fig. 2b) . The lowest microbial load is obtained for the run B when the fermentation is conducted with addition of acetate, inoculated at 10 7 CFU/ mL and in presence of 5% NaCl. This result confirms the fact observed for pH; high inoculum does not seem suitable to avoid microbial growth; in contrary, acetate addition is needed. Indeed, when lactate and acetate are present in a mixture in fermented vegetables, synergistic antimicrobial properties are often observed (Tsapatsaris and Kotzekidou 2004) . For olive fermentation, Ruiz-Barba et al. (1994) suggested that for significant improvement of the fermentation process, the inoculum of starter should be ranged from 10 5 to 10 7 CFU/mL.
After 1 month of fermentation, despite that TAMB count is not significantly different (P > 0.05), there is an increase for the runs B, C, F, and H as well as the control vat T (Fig. 2b) . This increase may be due to the absence of yeasts after 1 month of fermentation. In addition, the antimicrobial control caused by the starter, in the conditions of the runs B, C, F, and H, was effective during the first week than the autochthonous microflora increases. Similar fact was observed by Vega Leal-Sanchez et al. (2003) when applying Lb. plantarum LPCO10 for olive fermentation. TAMB count decreases only in the experiences D and G and remains stable for experiences A and E. The lowest microbial load after 1 month of fermentation was observed for the experience D with acetate addition, 5% NaCl, and inoculated with 10 8 CFU/mL.
Since the presence of lactic starter is desirable for caper fermentation to limit the negative effects of spoilage yeasts on the product quality and to insure fast acidification, the effects of different variables on LAB count are studied (Fig.  2c) . Results showed that LAB are only present after 1 week and totally absent at the end of fermentation (30 days). A significant decrease was observed after 1 week for all the runs (1.5 to 3.0 Log CFU/mL), and the maximum decrease was retained for the run H (3.0 Log CFU/mL). Similar results were found by Vega Leal-Sanchez et al. (2003) . Ruiz-Barba et al. (1994) found a decrease in the cell count of the starter, in olive fermentation, just after inoculation. Our results are similar to those reported by Francesca et al. (2016) during the fermentation of caper with Lb. pentosus OM13 for 45 days. LAB concentration was 7.56 Log CFU/mL after inoculation. From the 3rd day of fermentation, when LAB were found at 7.45 Log CFU/mL, their concentration decreased over time reaching the lowest value (3.06 Log CFU/mL) at 33 days. LAB were no more detected at the 45th day of fermentation.
LAB growth was totally inhibited after 1 month of fermentation; this inhibition could be a consequence of the initial conditions, which may be not favorable for starter growth. Indeed, phenolic compounds present at high concentrations in caper associated with NaCl may be responsible for the LAB decrease. Earlier studies have shown the effect of phenolic compounds on Lb. plantarum; Marsilio and Lanza (1998) described that Lb. plantarum growth was significantly reduced in the presence of p-coumaric acid (1 g/L), a phenolic compound detected in caper berries (Tlili et al. 2015) , and the inhibitory activity increased in the presence of NaCl. Ruíz-Barba et al. (1990) studied the effect of phenolic compounds from olives on Lb. plantarum survival and indicated that the phenolic compounds present in the nonalkali treated green olive brines exhibit a bactericidal effect on Lb. plantarum. The bacteriostatic effect of these compounds was avoided by the use of phenolic inactivating agents. Durán et al. (1993) studied the survival of Lb. plantarum during the first days of olive fermentation. They reported that the inhibitory effect of diffused phenolic compounds on Lb. plantarum during these days was significant only when it was associated with NaCl in the brine (3%). The combined effect of 6% NaCl and phenolic compounds caused a marked decrease in survival in 7 days of olive fermentation. Salih et al. (2000) showed the inhibitory effect of hydroxycinnamic acid and p-coumaric acid (both present in caper) on Lb. plantarum growth, besides the inhibitory activity of pcoumaric acid increases in the presence on NaCl.
Total coliforms and yeasts present at the beginning of fermentation at similar level for all the runs, around 1.9 ± 0.09 Log CFU/mL and 1.3 ± 0.05 to 2.0 ± 0.11 Log CFU/ mL respectively, are totally absent after 1 week and 1 month of fermentation. Indeed, in fermented vegetables, yeasts are regarded as food spoilage agent and appear after fermentation by autochthonous LAB. The repression of yeast growth in this study can be explained by the low initial load but also the fermentation conditions which associate lactic starter, acetate, and elevated concentrations of NaCl (Anderson et al. 1990; Savard et al. 2002) . Massoud and Bassal (2007) found similar results after conservation of caper, coliforms, yeasts, and molds are absent in all the fermented samples. Özcan (2001) obtained the best results for fermented Capparis ovate with 5% brine in the presence of 1% acetic or citric acid.
Statistical analysis of responses and selection of the best initial brining conditions
The responses of the experimental design were analyzed using Nemrod software. Regression coefficients, after 7 days and 30 days of fermentation, are calculated and represented in Table 2 . The mathematical models describing the variation Δ of pH, TAMB count, and LAB count are established according to the calculated regression coefficients C as follows: 7 days: 
After 1 week of fermentation, results indicated that effects of acetate addition, inoculum size, and NaCl concentration on pH decrease were not significant, which can suggest that variable levels need to be optimized. There is no correlation between decrease in pH and decrease in TAMB. The absence of acetate, the low inoculum size, and 5% of NaCl improved decrease of TAMB and the more influencing variable is the inoculum size. This fact can be explained by the antimicrobial activity of Lactobacillus plantarum F3 against autochthonous microflora of caper. High level of inoculum size exhibited a positive effect on LAB growth; meanwhile, the effect of acetate and NaCl concentration on LAB count is not significant.
After 1 month of fermentation, the effects of different factors on pH decrease were similar to those obtained after 1 week. High levels of acetate and NaCl enhance TAMB decrease. However, high level of inoculum size exhibits a negative effect on TAMB decrease.
To investigate the interaction and to visualize the effects of the studied factors on ΔpH and ΔTAMB, a graphical representation of contour plots was generated using Minitab ( Figs. 3  and 4) . The simultaneous effect of acetate and NaCl on ΔpH shows that acetate addition affects negatively decrease in pH regardless to NaCl concentration and initial inoculum size (Fig. 3a-c) . After 1 month, the same interactions were observed; absence of acetate and low inoculum size seem to be more suitable for decrease of more than one pH unit (Fig. 3d ). No observable correlation is shown between initial inoculum size and NaCl on ΔpH (Fig. 3e, f) .
Decrease in TAMB is improved by 5% NaCl independently from acetate addition after 1 week of fermentation; however, 5% acetate and 10% NaCl seem to be more suitable for decrease in microbial load after 1 month of fermentation (Fig.  4a, b) . Interaction between acetate content and inoculum size shows that presence of acetate and 10 8 CFU/mL inoculum size is needed to achieve a decrease of more than 2.5 10 8 CFU/mL of TAMB after 1 week of fermentation (Fig. 4c) . To reach the same decrease after 1 month, high inoculum size is needed but in absence of acetate (Fig. 4d ). The correlation between inoculum size and NaCl concentration on TAMB decrease shows that high inoculum size and 10% NaCl improve decrease in microbial load after 1 week of fermentation. However, this correlation is not observed after 1 month (Fig.  4e, f) .
To conclude and based on the obtained results, no reproducibility of variable effects on studied responses was observed, and depending on fermentation time, two optimal initial conditions are possible: for 1 week lasting caper fermentation: 0% acetate, 10 8 CFU/mL inoculum, and 5% NaCl, and for 1 month lasting caper fermentation: 5% acetate, 10 7 CFU/ mL inoculum, and 10% NaCl.
Based on above conclusions, a protocol for the manufacture of fermented caper was set up (Fig. 5 ). It included 30 days: 7 days of fermentation in brine containing 5% acetate and 10% NaCl followed by fermentation for 21 days after starter inoculation at 10 7 CFU/mL. This two-step fermentation protocol aims at favoring the decrease in pH and microbial load to avoid spoilage due to the synergic action of acetate and salt and maintaining LAB survival. The inoculation with starter is carried out after 7 days since that initial conditions are restrictive for LAB growth. Moreover, the late inoculation leads to a more efficient microbiological control of TAMB by Lb. plantarum F3, since that TAMB count increases after 1 week of fermentation. In spite of the decrease of LAB count, the process indicated in Fig. 5 allows the survival of lactic starter after 30 days of fermentation (LAB count: 3.2 10 2 CFU/mL). The total microbial load was very low; yeasts, molds, and coliforms were absent at the end of fermentation.
Conclusions
Fermented caper is appreciated by consumers in North Africa and Mediterranean countries for its characteristic organoleptic properties. In this study, a lactic starter (Lb. plantarum F3) for 
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